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ABSTRACT

The fungal community of roots can be beneficial, detrimental, or a chance
relationship of no significance to fungi and the roots of trees occupying the
same soil territory. Interrelationships also are influenced by the physical
quality and content of the soil, plant, and animal life present, and other
additional members of the microbial population including bacteria, viruses,
nematodes, and other micro-organisms. The environment in which the woody
plant roots are found is selective due to the physical, chemical, and biological
determinants present in the soil. This habitat is also influenced by the weather,
the change of seasons, temperatures, light intensity, and diurnal periodicity in
the form of rain, snow, fog, and dew, as well as degree, amount, and type of
air pollutants that filter into the soil. The environment above the soil line also
influences the environment in the soil, and all serve as factors governing the
relationships and populations of fungi in association with roots of woody
plants.
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The soil - root - woody plant fungal community is a complexity that defies
discussion even in a limited evaluation of fungal species present in the environment of
the roots. The magnitude of a soil - root study is a topic that does not fit within the
scope of a single chapter, therefore discussion is primarily directed to the fungi of
roots of woody plants. Interspecific relations of fungi and roots create different
degrees of association, residing together in some degree of association. An
equilibrium or biotic balance of the fungi and roots could create a steady state of
existence in which the root cell area and the fungal mycelium and reproductive cells are
held in a fixed ratio of each other. The surrounding environment contains many
variables, yet the capacity of fungal density, and root ratio remain somewhat steady,
creating a homeostatic state. The relationships of tree roots and soil micro-fungi could
range from loose association to close proximity of commensals, organisms that feed
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together. One species profits by living together with the other. In commensal
relations, one species converts an unavailable substance to an assimilated substance for
the other. One species could exude a waste product that the other species associate
could utilize or the product could inhibit the growth of potential competitive species.
Also, one commensal species could directly provide nutrients, protection, moisture, or
shelter for the other. The species could coexist under specific circumstances, both
fungus and woody plant could easily, and frequently do, exist separately.

Tree roots and fungi could act as symbionts, each receiving mutually beneficial
effects from the other. Both species are helpful to each other and receive an essential
part of the microenvironment from the other. These associations could be species
specific. A reliance exists. and frequently these associations are limited to individual
symbionts which increases the growth rate of both the tree and the fungus. Enhanced
metabolic activity of the root and the fungus could result in supplying organic
nutrients, generate CO, or O,, removing O,, assimilating N,, or providing minute
amounts of growth factors. Together the fungus and the tree root could provide
physical support, supply inorganic nutrients, utilize metabolic wastes, protect against
parasites, and shield against the environment.

Of course the root system of trees and the mycelium of fungi found in the same
soil habitat remain in competition for certain nutrients, water, and the space that they
occupy together. These organisms remain in rivalry for the same parameters.
Parameters contributing to this competition include the rate of growth of both trees and
fungi plus the growth of other organisms, both plants and animals inhabiting the soil.
Tolerance to abiotic factors present in the same location influences survival and
growth. The ability of the woody plants and the companion fungi to multiply, grow,
and propagate new roots or hyphae at low concentrations of limiting nutrients
influences the living team members. The capability and the efficiency of utilizing
limiting nutrients could serve as the chief survival factor of one or both of the
organisms present in the shared community. In this common territory, the ability to
store and synthesize reserve substances in living cells is also vital to survival for the
competing populations. Phosphorus uptake and below ground carbon utilization were
measured using ectomycorrhizal Thelephora terrestris and non-mycorrhizal Salix
viminalis L. Phosphorus inflow rates were three times as high for 7. terrestris root
systems as for Salix root systems (Jones e al. 1991). Nutrient requirements dn‘ecl]y
affect carbon economics of the woody plants.

At times, a species of a community creates interactions conflicting with other
species. One species is suppressed because of toxins produced by the other species.
The growth of one species utilizes the nutrients at that location and alters pH of the
mutual habitat that interferes or enhances survival of other species present. The
production of hydrogren peroxide, ammonia, and nitrite that accumulate during
ammonium oxidation, and hydrogen sulfide accumulation occurs due to the presence
of living organisms.

Few fungi, considering the total number and diversity of fungal species, function
at all times as an obligate pathogen occupying an environment and serving as a disease
causing agent on every opportunity for growth. Most fungal species do not cause
disease. In a true parasitic association, the host becomes the food source of another
organism. When the fungal crganism in the soil invades tree root systems, a parasitic
relationship becomes established. An opportunity is opened for the fungus existing in
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close proximity to roots to establish disease. Frequently, micro-fungi grow in soil on
organic matter that comprises the soil particles. Chance contact of the fungus with the
root allows the fungal hyphae to associate with living cells of the root. Penetration of
cell walls by the hyphae establishes a parasitic relationship, however, only a very
limited number of micro-fungi are parasitic and never create an opportunity for living
cell invasion.

In deeper layers of soil, fungal activity is generally associated with plant roots.
Fungi growing in the vicinity of plant roots are frequently stimulated in growth
compared to fungal species in soil away from the influence of roots (Barton 1957).
The rhizosphere effect of roots of higher plants was discovered by Hiltner (1904).
The rhizosphere root soil complex contains organic substances released from roots that
stimulate micro-fungi spore germination as well as hyphal growth (Jackson 1957).
Sterile mycelial forms are commonly found associated with roots of woody plants,
presenting no obvious beneficial or detrimental association with the plants (Harley er
al. 1955). Organic matter which accumulates in soil from roots is composed of
insoluble cell wall debris, polysaccharide mucilages secreted by root cells, mucilages
formed from polysaccharide hydrolysates of cell walls, and water soluble exudates
given off by root tissue (Foster & Rovira 1973). Vitamins, enzymes, growth
hormones, and other organic substances are found in plant exudates. Volatile organic
acids, aldehydes, and unsaturated fatty acids are also produced by roots that inhibit
and at times stimulate fungal growth (Fries 1973). Ethylene can be produced by roots
which also regulates growth of micro-fungi (Burg 1962). Mucigel polysaccharides
found on root caps are a rich source of substrates for micro-fungal as well as bacterial
growth (Greaves & Darbyshire 1972).

Fungistatic properties of soil keep most fungal propagules under control through
microbial competition and soil nutritional limiting factors retarding the growth of the
organism. The stimulation of micro-organisms in the rhizosphere is caused by the
presence of an increased supply of nutrients in the form of soluble inorganic and
organic root excretions (Jackson 1960). The breakdown products of sloughed-off
dead root cells, lowering of the concentration of certain mineral elements in the soil
due to their absorption, soil desiccation from water absorption, and increase in soil
carbonates following carbon dioxide production by the roots all directly relates to the
rhizosphere community (Starkey 1929). However, a very high percentage of fungi in
soils are present as inactive propagules (Warcup 1955).  Sugars induce the
germination of inhibited fungal spores, and these carbon sources are produced by root
excretions by seedlings in quantitites sufficient to have stimulating effects on the soil
populations of fungi. Excretion of sugars occurs primarily in the young meristematic
regions of roots (Jackson 1960). The rhizosphere effect itself may be studied along
two broad lines, one concerning the plant influence on soil micropopulations, the other
dealing with the influence of the rhizosphere microflora on the plant (Katznelson
1960).

Microflora populations in the rhizosphere increase as plants age. Greater quantities
of organic matter become available through aging and death of plant roots for the
growth of micro-fungi in the soil (Peterson 1958). Older roots are more vulnerable to
damage by soil particles and invasion by micro-fungi into epidermal and cortical cells
adjacent to the mucigel sheath (Old & Nicholson 1975). In woody plant roots,
primary cortex is sloughed off during secondary growth which adds to the organic
concentration in the rhizosphere of older trees. It was concluded that half of the root
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system of apple trees (Malus spp.) is lost as cortical tissue each year (Rogers 1968).
Also, the natural death of young root system of mature plants and of major branch
roots also adds to the carbon, nitrogen, and mineral content of the rhizosphere,
enhancing the growth of micro-fungi. Several hundred kilograms of biomass per
hectare of soil accumulates from decomposing root systems (Head 1973).

Changes in tree physiology induced by environmental changes is also influential
on rhizosphere micro-fungi populations. Beach (Fagus sylvatica L.) root surface
fungi undergo significant changes (Harley & Waid 1955b). Low light intensities
increase root colonization of Cylindrocarpon and Rhizoctonia species, while high light
intensities increase populations of Trichoderma and Gliomastix species.  Light
intensity and temperature also influence the amount and availability of amino acid and
organic acid content of exudate production (Rovira 1959; Smith 1972). Desiccation
increases amino acid exudate release through roots to the soil adding to nutrients
available for soil micro-fungi. Phosphorus (Katznelson er al. 1954), potassium
(Rovira & Ridge 1973), and nitrogen (Bowen 1969) added to the soil as fertilizer also
change exudate production in the root system and the amount of nutrients for the
growth of fungi, depending on plant species, plant age, and various soil qualities.
Soil micro-fungi interactions and associations with other micro-organisms in the
rhizosphere are discussed in detail by Brown (1975), Curl & Truelove (1986), Mosse
(1975), and Hale ez al. (1978).

Root infection by fungi consists of an infinite series of gradations between
primitive facultative parasite and obligate parasite associations (Garrett 1960). Most
root associations by fungi are saprophytic, with few species causing disease in woody
plants. The classic example of tree root disease in forest trees is Armillaria mellea root
rot, first described in 1873 (Hartig 1873). Another classic parasite is gummosis
disease of citrus, caused by Phytophthora citrophthora , first investigated in 1878 and
continued through 1949 (Fraser 1949). The fungal attack is gradual and starts in
young rootlets, stowly migrating upwards, finally exhausting the tree. The persistent
Armillaria can remain six years or more in infected citrus roots of less than 30 mm in
diameter (Bliss 1951). Carbon disulphide soil fumigation was first used to control A.
mellea in infected roots, a method used for over 40 years. However, as A. mellea
decreased in dominance, Trichoderma viride gradually increased to become the
dominant soil borne fungus (Warcup 1952). Formalin treatment of soil also promoted
dominance of 7. viride which proved to be a much more tolerant fungal species with
tree root association. When Fomes lignosus, F. noxius, and Ganoderma
pseudoferreum infecting roots of rubber trees were controlled by dichloropropano-
dichloropropylene treatment, this action also brought a similar dominance of T. viride
in the soil (Altson 1950). Further study indicated chemical control of the fungal
pathogens was less significant, but the antibiotic activity of 7. viride was more
effective in the soil habitat (Weindling 1941; Weindling 1934; Weindling 1932).

A succession of fungi is noted in soil substrates (Garrett 1960). Substrates in all
habitats, including soil, are in constant change, replacement, and depletion. Root
surface micro-fungi exist topically and survive as epiphytes (Hiltner 1904). Initial
invasion of the root surface is made by a sequence of saprophytic sugar fungi. Next in
sequence are the cellulose decomposers, and finally the lignin-decomposing fungi
invade root tissue. An ordered succession under continual change occurs. Maximum
destruction of host tissue occurs when fungal parasites overwhelm the resistance of
mature host plant roots in full growth vigor. The most vigorously growing trees
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quickly succumb to fungal attack at the soil level by these destructive parasites
(Waterston 1941). Species of Rosellinia found in the tropics as a saprophyte in
surface litter under heavy shade can easily revert to becoming a destructive tree root
invasive parasite.

Many of the tree root-inhabiting fungi exhibit an ectotrophic growth habit in that
the invasion is continuous and indefinite over the host root system (Garrett 1960).
Fomes lignosus and Poria hypolateritia behave in this way also (Petch 1928). In
rubber plantations of Malaysia, F. lignosus was found to grow through the soil on
continuous surfaces such as boulders and dead roots, however, nourishment was
through infecting living roots (Napper 1932). It was also observed that sporophores
of F. annosus may be attached to rootlets so fine that the attachment escapes notice,
giving rise to misconceptions that F. annosus could live as a saprophyte on forest litter
(Risbeth 1951). In reality it is a specialized root-inhabiting parasite of conifers and
other trees.

The efficiency of rhizomorphs of Armillaria mellea from wood origins is quite
remarkable. The strands can grow freely through the soil, extending 22 yards from an
infected pit-prop in a mine-working (Ellis 1929), and 30 feet in a water tunnel leading
out of a reservoir, in hard rock 200 feet below ground level (Findlay 1951).
Rhizomorphs extend in all directions through the soil from a food base of infected
wood. Nutrients are supplied by the wood but the soil gives support and possible
water and mineral uptake as well. It was learned that ethanol and other short chain
alcohols stimulate rhizomorph production (Weinhold 1963). The bulk of A. mellea
rhizomorph growth requirements are obtained from root tissues, the quality of which
may greatly influence rhizomorph production (Redfern 1970). When conifers are
wounded or infected, the neighboring tissue frequently becomes impregnated with
resin. Artificial infection of two blue-stain fungi (Ceratocystis ips and C. minor) was
successful in pine trees with low resin exudation pressure but not in those with
medium or high pressure (Mathre 1964). Volatile components of Pinus ponderosa
Douglas ex Lawson & C. Lawson resin are toxic to Fomes annosus (Cobb et al.
1968). Also, the pinosylvins in infected sapwood of pine have mild fungitoxic
properties to F. annosus infection (Shain 1967).

Fungi of soil and rhizosphere habitats, fungal distribution in soil, fungal activity in
soil, root colonization and root diseases are topics of increased attention in later years.
The volume of literature is astronomical (Dix & Webster 1995). Likewise,
mycorrhizae are receiving increased attention in soil structure and biogeochemistry,
soil reclamation, and biocontrol measures (Pfleger & Linderman 1994). More
attention is also directed to the tropical forests of the earth as they relate to the whole
earth ecology. Mature tropical forests of rubber [Hevea brasiliensis (Willd.) ex A.
Juss.) Miill. Arg.], teak (Tectona grandis L.f.), and palms (Elaeis guineensis Jacq.,
Cocos nucifera L.) have a few pathogenic root lignicolous fungi such as Rigidoporus
lignosus, Ganoderma spp., Armillaris sp., Phellinus noxius, Sphaerostilbe repens,
and Ustulina deusta. Many other fungi are saprophytic or weak parasites such as
Favolaschia thwaitesii, Pycnoporus sanguineus, Hexagona apiaria, Dacryopinax
spathularia, Auricularia polytricha, Cookeina sulcipes, and Phellinus gilvus (Intini
1991).

It has been recently shown that ectomycorrhizal fungi of tree roots and shoot
biotrophs are more host specific than root necrotrophs. Woody hosts are associated
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with a greater number of mutualistic fungi than antagonistic fungi. Some hosts are
resistant to fungal invasion and others are quite susceptible (Borowicz & Juliano
1991). Ectomycorrhizal fungi colonize roots and are not affected by the presence of
saprophytic fungi. The ectomycorrhizal species tend to be more dominant than the
saprobes (Shaw er al. 1995). Soil borne mycorrhizae fungi also are associated with
and closely monitored for the crop production of Chile’s citrus industry (Jiménez &
Gallo 1993).

Ectotrophic growth patterns of the fungi in roots evolved into mycelial sheets or
strands, or into rhizomorphs, or into individual hyphal threads. The growth variations
are in response to overcome host resistance to infection by the tree roots (Garrett
1970). Rhizomorphs of Armellaria mellea grow from an apical meristem (Motta
1967). Density of the branching increases with the increase in nutrients to an optimum
value, forming a fibrous growth pattern. Growth rate of rhizomorphs is much greater
than unorganized individual hyphae of the same species. Mycorrhizae are widely
distributed among the phanerogams. Only about 3% of phanerogams exhibit
ectomyccorrhizae, most belong to the endomycorrhizae (Meyer 1973). Various
chemical compounds are involved in the formation of mycorrhizae such as orchinol
(Gaumann et al. 1960).

Many trees would not be capable of developing massive sizes without the
symbiotic relationship of the root-inhabiting fungi. Without mycorrhizae, pine trees
would be more aptly considered pine bushes. Obligate ectomycorrhizal trees include
the genera Abies, Larix, Picea, Pinus, Carpinus, Fagus, and Quercus (Meyer 1968).
More typical facultative ectomycorrhizal genera are Cupressus, Juniperus, Salix,
Betula, Corylus, Alnus, Ulmus, Pyrus, Acer, and Eucalyptus (Meyer 1973). These
trees survive well in the absence of ectomycorrhizal fungi. Endomycorrhizal trees are
abundant in tropical forests of the lowlands, ectomycorrhizal trees are frequently
pioneers on wastelands. Endophytic infection development by Glomus in sugar maple
roots revealed changes in cortical cells similar to other woody plant hosts. Large
intracellular hyphae enter the cortical tissue while arbuscules formed from initiation
points at various places on the intracellular hyphae (Yawney & Schultz 1990). The
arbuscules in the roots are the sites of transfer between the host and endophyte.

Mycorrhizal root association by fungi was first observed by Frank (1885). The
benefits of this symbiotic association are numerous and the extent of these associations
in the literature of early investigators is well reviewed by Rayner (1927) and Kelley
(1950). Mycorrhiza are classified into two groups. Ectomycorrhiza fungi form a
mantle around roots and intercellular hyphae grow within the root cortex. Forest tree
associations are ectotrophic and most of the fungi are Basidiomycetes. Endotrophic
mycorrhizae are inter- and intra-cellular in the host cortical cells.

Due to the growth patterns, ectotrophic mycorrhizal fungi are considered to have
evolved from specialized root pathogens (Garrett 1970). Of equal possibility, these
specialized symbionts may have evolved from saprophytic root surface fungi (Harley
1948). The growth relations of these fungi have developed an efficient mechanism in
quite a delicate balance of host-parasite association and host-resistance tolerance.
Further characterizing this fungal growth, infection of short roots is truely ectotrophic
with a fungal mycelial sheath covering the root surface. Long roots are penetrated
internally as an extension of the Hartig net of fungal tissue internally in the host root
cortex (Robertson 1954). Two modes of ectotrophic infection of Fomes annosus on



334 PHYTOLOGIA April 1998 volume 84(4):328-341

Pinus sylvestris L. (Scots pine) are possible (Risbeth 1951). In alkaline soils, the
fungus grows freely on the root surface, forming pronounced sheet-like mycelial
aggregates. Acid soils delay or totally supress epiphytic mycelium, and slows
infection with the root cylinder infections at times ahead of the epiphytic growth.
Ectotrophic advance on the outside of roots in alkaline soils is much ahead of the
fungal growth in acid soils (Wallis 1961).

Douglas fir [Pseudotsuga taxifolia (Lamb.) Britton], larch (Larix decidua Mill.),
and spruce [Picea abies (L.) H. Karst] resistance to inner wood tissue infection is
lower than that in species of pine, so infection is more severe (Risbeth 1951). Fungal
growth from saprophyte to parasite is definite per tree genus, following defined
patterns from initial infection to advanced tree disease. The degree of resistance to
infection from Fomes annosus in pines is correlated with the complexity and activity of
resin canal systems (Gibbs 1968; Gibbs 1967). The toxicity factor of resin to F.
annosus and four timber bluestain fungi was studied (Cobb er al. 1968). Crude
oleorecin and components of the volatile turpentine fraction, purified by fractional
distillation reduced hyphal growth of F. annosus and the bluestain fungi by various
degrees when the fungi were exposed to a vapor saturated atmosphere. The nine
terpentine components were identified as two monocyclic, four bicyclic, and one open-
chain terpene, and two alkanes. The alkane n-heptane was the most fungistatic,
completely inhibiting hyphal growth of F. annosus and the wood bluestain fungus
Ceratosystis pilulifera.

Tree mycorrhizal formation and structure is directly associated with many factors
affecting root development (Marks & Foster 1973). These factors include fertilizers
(Zottl 1964), light (Kinugawa 1965), girdling, decapitation, and defoliation of shoots
(Richardson 1953), temperature (Bamney 1951), soil moisture and aeration (Mikola
1967), auxins (Slankis 1958), minerals (Davis 1949), bacterial physiology (Wichner
& Libbert 1968), root disease (Zak 1964), and carbon, vitamin, and nitrogen source
(Gibson 1961). An ecto- endomycorrhizal condition is common in aging mycorrhizae
with the intracellular penetration of cortical cells (Marks & Foster 1967). One
mycorrhizal type can be replaced by another when root growth resumes after a
dormant period.

Mycorrhizal partnership can form between a single tree species and a number of
different fungi (Zak & Marx 1964). Like roots, shoots, and individual hyphae,
rhizomorphs grow from the apex of the structure, as long as minerals are present,
provided by the host root and the soil through which it is passing. Rhizomorphs will
continue to grow only for as long as the apices are covered by an unbroken film of
water (Griffin 1969). The presence and importance of mycorrhizae in forest soils is
the mutual support the trees and fungi have for each other, the subject of symbiosis
between autotroph and heterotroph (Harley 1975).

Alkaline soils as compared with acid soils allowed for more rapid growth of
Fomes annosus (Rishbeth 1950), and moisture stress increased susceptibility of Pinus
taeda L. (loblolly pine) to infection (Towers & Stambaugh 1968). Growth inhibition
and antagonism caused by bacteria and other fungi against another fungus takes place
in the root zone. The degree of Trichoderma viride antagonistic effects against F.
annosus is related to particular strain isolates (Mughogho 1968). Forest root exudates
contain a combination of amino acids, carbohydrates, and organic acids according to
species and soil type (Smith 1969). The concentration of exudate in the rhizosphere
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depends on rate of movement in soil and uptake by micro-fungi. The rhizosphere of
young fir seedlings contains 0.3 (in millions) total number of fungi in 1 g soil,
overcrowded prime firs contain 0.02, old firs (Abies alba Mill.) 0.08, and in the soil
of a fir plantation 0.065 (Maliszewska & Moreau 1960). There is a more varied flora
in the soil and rhizosphere of young firs. Trichoderma viride is present in soil around
roots of young firs, also in soils carrying a good regeneration. This species is absent
in soils offering a poor regeneration of fir seedlings, and in the rhizospheres of old
trees. The presence, and often abundance of T. viride can serve as the index of soil
fertility for a wide variety of plant species.

Tree seedling fungal studies have been contained in controlled environments in the
laboratory and controlled plots in nature for a better understanding of study
parameters. Seedlings of live oak (Quercus virginiana Mill.), Chinese tallow tree
[Sapium sebiferum (L.) Roxb.], and Texas mountain laurel [Sophora secundiflora
(Gomez-Ortega) Lagerh. ex DC.] were inoculated with either ectomycorrhizal fungi
(Pisolithus tinctorius) or vesicular-arbuscular mycorrhizal (VAM) endomycorrhizal
fungi (Glomus fasciculatum, Gigaspora margarita, and Glomus mosseae) and
transplanted into nature (Davis & Call 1990). The inoculated trees showed greater
growth and survival than non-inoculated controls. Under controlled conditions, in
roots of lodgepole pine seedlings, some competition in root association is noted by
ectomycorrhizal and saprotrophic fungi (Shaw er al. 1995). The saprotroph Collybia
maculata significantly retarded rate of colonization of lodgepole pine seedling roots by
P. involutus.

Hundreds if not thousands of species of both macro- and micro-fungi reside in soil
habitats making part if not all their life cycles in the soil environment. Roots of woody
plants, as well as grasses and herbaceous species, creatz microenvironments for the
establishment and growth of fungal hyphae and spore structures depending on the
family and order to which they belong. The root cap is a protective region of the
meristematic end of the root which per surface volume sloughs off the greatest quantity
of cells into the sod as the root extends farther from the tree trunk and deeper into the
soil. These sloughed off cap cells provide a rich carbon and nitrogen source of
nutrients immediately around the root tip for the establishment of fungal growth. One
saprophytic species by chance in the vicinity of the root begins growth in the enriched
soil. Spores or other fungal elements of other species of micro-fungi soon establish
themselves in close proximity to the growing roots. One or more species becomes
dominant in the root environment according to the quantity and quality of nutrients
accumulated as waste material from the woody and herbaceous plants. Established
micro-fungal species present also add to the soil nutrients as waste products are
produced and dead fungal cells accumulate in the root environment. A distinct micro-
environment begins to evolve around the roots which supports the growth of other
fungi and other microbes as they become established in the community.

Epidermal cells and cortical cells, resins, suberins, high molecular weight carbon
compounds, nitrogen, and vitamins become available to the root environment as the
fungal populations evolve, as new species become dominant and established species
fade away. This material from the trees is deposited in the soil immediately adjacent to
the root surtace and remains in high concentrations around the expanding root as
growth in circumference continues during each growing season of the tree.
Deuteromycetes reinain the dominant species of the saprophytic community but some
specialized Basidiomycetes, Ascomycetes, and Phycomycetes are found in a root



336 PHYTOLOGIA April 1998 volume 84(4):328-341

bound community of micro-organisms according to other physical factors in the soil
such as moisture content, aeration, available minerals, and varying relationships of the
fungal species with the tree roots. Needle leaf tree species generally are devoid of root
hairs and fungal hyphae form a symbiotic attachment with the tree roots. The fungus
benefits from the relationship by obtaining glucose and other carbon sources from the
tree supplied by photosynthesis. The tree benefits from the presence of the fungal
hyphae by greatly increasing the surface to volume ratio capacity of the roots for the
absorption of water and minerals into the host plant.

Host specific fungi are brought into the soil micro-environment with the
establishment of various trees. The more broad spectrum saprophytes that grow
equally well on many carbon and nitrogen sources establish their growth without the
presence of host trees (Volz et al. 1992). Some of these fungi readily grow on organic
material originating from human or animal sources, yet pathogenicity is not established
unless the fungus is introduced into a potential host (Volz et al. 1993). Mycorrhizal
fungi are mostly symbiotic, benefitting both themselves and their hosts as they grow
together. If a fungal species penetrates the host root cortical or vascular system, a
pathogenic relationship is established that could extend through the roots into the
above ground portion of the tree such as the wood rot fungi to ultimately cause death
to the tree or part of the tree. The tree species may have the capacity to outgrow its
invader for a period of time, but survival is made more difficult under harsh
environmental and seasonal changes experienced by the host tree. Eventually over a
period of years, the tree will lose the battle to survive growth of the invading fungus
pathogen, and death to the tree will occur. However, most fungal species found in the
soil are micro-fungi that utilize organic matter and cause no harm to the tree species or
other plants and animals of the forest (Volz et al. 1994).
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